probe identified an interstitially located homologous segment in the sheep and goat Xq region, most probably resulting from chromosome inversion. Ten type II (microsatellite) markers obtained from the bovine Xq library and five other X chromosome assigned, but unlinked, markers were used to generate a linkage map for Xq spanning 89. 4 centimorgans. The chromosome painting probes and molecular markers generated in this study would be useful for comparative mapping and tracing of internal X chromosome rearrangements in all ruminant species and would contribute to the understanding of mammalian sex chromosome evolution.
The human gene mapping effort is accelerating the development of genetic maps for domestic animals in general (1) and for farm animals in particular (2) (3) (4) (5) (6) (7) (8) (9) . Development of genetic maps for farm animals pursues two important objectives: production of a high-resolution linkage map of highly polymorphic markers to identify regions of the genome containing loci of economic importance (10) and provide information for comparative mapping and evolutionary analysis (11) . The first objective focuses on generation of a map based on identification of highly polymorphic DNA sites (type II loci; minisatellites and microsatellites), while the second focuses on mapping coding sequences or type I loci, whose sequences are more conserved across mammalian species (1, 11, 12) .
The most current bovine genetic map lists >500 genetic markers ordered in 30 linkage groups and assigned to 24 autosomes and the X and Y chromosomes (3, 4, 9) . Over 100 loci have been assigned by either in situ hybridization to specific chromosomes or somatic cell hybridization (3) .
Generation of a high-resolution, comprehensive bovine map would be accelerated if chromosome-specific DNA libraries were available. Comparative mapping and evolutionary analysis would also be facilitated by generation of chromosomespecific painting probes. However, the generation of such libraries is hampered by the lack of detailed cytogenetic characterizations of bovine somatic cell hybrid panels and the relatively small DNA content differences among successive bovine chromosomes, which limits flow sorting (13 
RESULTS
Ten copies of X, Xp, and Xq were scraped and PCR amplified generating fragments from 100 to 1500 bp (Fig. 1) . The Sau3AI-digested chromosomal mixtures were cloned into the BamHI/A ZAP II vector with an average cloning efficiency of 1 x 108 pfu/,ug. When the whole X chromosome-specific probe was used to paint metaphase spreads of a cow ( Fig. 2A) (Fig. 3) .
DISCUSSION
We have generated the first bovine chromosome-painting probe and the first two X chromosome region-specific DNA libraries. Assuming an average chromosomal fragment size of 300 bp, an X chromosome length equivalent to 5.3% of the haploid genome, and the Xp arm representing 27% of the X chromosome length (13) (Fig. 2 B-H would appear that the lack of banding homology at Xq42-q43 between cattle, sheep, and goat chromosomes as reported earlier (28) does not imply that this region is absent in cattle but rather that the rearrangements that have occurred have altered the structure of the region so banding homology has been lost. These X chromosome painting probes should be useful in assessing chromosomal conservation among bovids and possibly between families within the order.
In sum, our observations suggest that PCR-generated small insert chromosome-specific libraries are an efficient approach for generating type II genetic markers. It further offers the opportunity to concentrate efforts in marker-deficient areas of the bovine genome and increases the possibility of rapidly saturating those areas with informative marker loci. The strategy described is applicable to development of chromosome painting probes and chromosome-specific libraries for other livestock species. Chromosome painting probes should also prove useful for analysis of somatic cell hybrid panels, ordering large insert library clones (YAC, P1, BAC) by chromosome, and allow comparative cytogenetic studies to define rearrangements of the ancestral ruminant X chromosome. 
